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CIRCUIT SYMBOLS 


Fixed variable, fixed Polarized 

RESISTOR RESISTOR CAPACITOR CAPACITOR 


RECTIFIER/ ZEnER PNP 

D\ode diode tramsistor 




SolAR 

CELL 


M PM 

TRAMSISTDR 


PHOTO- 
RESISTOR 


PHoTO- 

TRANSISTOR 


Connected unconnected Positive 
WIRES *JlRES SUPPLY 


dRouroo 


SPST 
Sw itch 


SPDT 

swircM 


MORM ALLY 

open 

Pushbutton 


RELAY TRANSFORMER SPEAKER 


NORMALLY 

CLOSED 

PusneurnoN 


PIEZO- 

SPEARER 


-©- =E>- 


METER 


LAMP 


BATTERY OP-AMP 
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RESISTOR' NETWORKS 

SERIES 


Rt 

-AAA 


rz: 


j\AA^ 

Rl. 


Parallel Czv 


ri > gz 


r t * total Resistance 


Rt * (£11 + + R3 


Rt - 


Rt * RZ 
Rt RZ 


PARALLEL Cl OR KORE.) 


Rl> ns RM 


Rt ...*r 


VOLTAGE DIVIDER 


1 +^4 1 


R1 RZ. M 


V 



RZ 


Rt + RZ 


R1 AND RZ CAN 6£ A POTENTIOMETER, 
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MTSNAT i INCItDESENT 


AN ALTERNATlNG CURRENT CaO FLOWS IN 

Both Directions through a conductor. 



SEE. THE; .DEPINATlQMSi...OR.X iVv-& AND P.ON 

page m. 

PEAK 1 VOLTAGE — ,.M AXIMuM i. POSITIVE..AND.: .NE GA- 

^iUVE..Ekc)jRS|\OIuS of AM :.I 

ALTERNATING CURRENT. 

. RM S I V O LT A G £ x (ROOT -1 ME A N - S Q U AR A , 

VOLTAGE) THAT AC VOLTAGE 
THAT EQUALS A D C VOLTAGE, 
THAT DOES THE SAME WORK.: 

For A SINE wave, 0.707.;.1 

TIMES THE Peak: VOLT AGE J 


IMPEDANCE (z)-TKE OPPOSITION to AN 

ALTERNATING.CURRENT PRE¬ 

SENTED SV A CIRCUIT. 

: .1 Cun it : ohm) . J 


Average ac voltage “ 0.L37X peak 
.... - 0.9.,.* RH5 . 

RMS AC VOLTAGE- 0.107 * p eak 

i -4 r I.U 4 4 .AVERAGE 

PEAK AL VOLTAGE = 1 x RMS 

= 1.57 * AVERAGE. 


4 ? 











































OHM'S LAW 

6 IS PHASE ANGLE, THE . 
DIFFERENCE: LM; DEGREES., .: . 
BETWEEN CURRENT AMD 
VOLTAGE. -; CURRENT LEADS 
VOLTAGE ilN> A .CAPACITIVE. 
CIRCUIT AMD LAGS VOLTAGE 
IN. A REACTIVE. ClRCUiT.. 
IN. A RESISTIVE ...CIRCUIT.:. 
© IS 0°. THE COSINE OP 
0° is 1 . THUS IN A RE-,. 
S\STW£ CIRCUIT P s E x l. 


CAPACITOR NETWORKS 


series 

ci : . 

: : : ■ : 1: ; ~ 

Ct - --L -f — -p — 

ai ci c3 


SERIES 


CL * CZ 

Or -- 

CL + CZ 


PARALLEL (Z OR MORE) 




V = X* 2 

: -J£_: 

1= Z., 

: __E_ 

z = X 


P = E*I * COSS 





















2. MATHEMATICS 


SYMBOLS 

Plus ^ Positive or At>t> .]. j ;.;. 

MINUS > NEGATIVE OR SUBTRACT 

MULTIPLY .i 4 

DIVIDE . 

EQUAL (s) ...... 

does not equal 

APPROXIMATELY EQUAL. 

GREATER THAN :. 

EQUAL TO OR GREATER THAN 
LESS THAN 

LESS THAN OR EQUAL TO . 

PLUS oR. MINUS ; CHANGE SIGN 
RECIPROCAL Cl/S- 0.5> .i.. 

SQUARE root of . y\ : : . . 
cu6£ Root of h . 


POWERS OF TEN 


io :l 

lot 


o.ooooooool 

l billionth 

(NAN o) 

- 

0.0 o o 0 o 0 Q1 , 


.10“’ 

- 

0.0 0 0 0 0 0 i 



10 s 

— 

0.0 0 0 o 0 1 

1 millionth (micro) 

1D' S 


0,0 O 0 0 1 



i io-; 

- 

0,0 0 o i 



10** 

= 

0,0 0 1 

1 THOUSANDTH (MlLLl) 

io- 

z: 

0.0 1 



io; 1 

- 

0,1 



1.10.® 

* 

1 

1 UNIT 


10 

- 

10 



-10* 

= 

i oo 



ID 3 

= 

1,0 0 0 

THOUSAND 

(KILO): 

i°; 

a 

l o t o oo 



10* 

= 

1 0 0,0 0 0 



io . 

B 

1,0 0 0,0 o o 

MILLION 

(mesa) 

la 

~ 

1 0,0 0: 0,0 0,0 

1 o o 0 0 0,0 0 0 



io t 

= 


(GIGA) 

10* 


1,0 0 O o 0 0,0 0 0 

BILLION 


+ 

x OR * 
OR; / 

¥ 

/N J 

> 

< 

< 

±. 

Vv\ 

VT»T 






















. MGEBRA\C TRANSRQS\TrQ^ 


IF A + B 

= ■ 

C,th£.m: 

A A - 
IF B = 0 , THEN 

A 

= ■ 

C- B ' 

AD': 6>C. 

■ B 


C- A 

A = ^ . 

A + B -C 

= ■ 

0 ; 

AD 

& c _ 

IF A 

- 

■C ^ THEN* 

AD 
£L - B 

6 

- ■ 

AC 

: D = A 

. . CL 

= 

B 

7T 


LAW OF 

EXPONENTS M : 

(■%■)“ 

rr 

0.*. ... 

, b. x 

(4 (L) = cl*" 

; y 

IX 

: <x v 

cr 

x-v 

CL' , 

/ *\Y : x Y: : 

(a:) - Ou.4.1.i 

.-X 

.„ CL. 

= 

X 

0? 

oO. =.'nCT. 


COMMON LOGARITHMS 


-THE COMMON LOGARITHM ; ClOGiq oR LOG) 
OF A NUMBER VS THE. POWER OF 10 THAT 
EQUALS THE NUMBER. SINCE lO* FlOO, 


ill. IS THE LOG-Of 
(CAnTILOG) is the NUMBER THAT : ,.E4uA4s 

the anti log 


loo.: TH E ANTILOG A Rl TH M . 

A 

LOGARITHM. THUS: THE ANTI LOG OF 2 15,100.4 
THE LOS OF NUMBERS .GREATERJtHAN 1 IS I 

Positive ; the log of numbers less than 

.NEGATIVE. THUS THE LOG OF iti‘% PEi 
io;.ql; i:s -1. A * & antilog (log a+ios:s5;: 
A b *= Antilog (loga- loss). Scientific 
CALCULATORS HAVE LOS AND AnTUOG KEYS. 





































.TRE'CECTBEIT' 

. .....THE* DECIBEL. C4&4. IS A UNIT OF.MEASURE. 

THAT PERMITS TWO DIFF6.RE.MT SIGNALS.i. 

TO 66, COMPARED OM A LOGARITHMIC SCALE. 

; TB.R .$£iM.simviTTi OFi. .REC EIVERS AmD iTHE 1 
GA1K) OF j AMPLIFIERS . ARE OFTRM GIVEN 4 
IN ^.ECUBELS. THE/DIFFERENCE , IN) d 6 

between) the Power of a signal at the 
input of am amplifier (Pi) Amd.the Power 
OF THE AMPLIFIER’S OUTPUT CPO IS! 

dB = .10.. LO.G. CRZ/ Pl) 

THE DIFFERENCE IN d& BETWEEN THE V0LTA66 
(v) AMD:. CURRENT Cl 1 ) AT THE IwPuT (VI AnDII) 
.AMD OUTPUT (VZ. AMD IE) OF AnJ AMPLIFIER IS;. 

d& * 20" LOG (V2/V1) 

dE - 20 LOG (12/11.) I'i 1' 

MOTE THAT DECIBELS D6FImE THE RATIO; B£Tju/E£N 
TWO SIGNAL LEVELS, MOT THEIR ABSOLUTE VALUE. 

Example: DETERMINE THE VOLTAGE GAIN 

im <d 6 of this operational ..Amplifier, :. >... 



d S = 20 LOG C 1 , 00 . 0 . 


/ l) - 20 LOG 1,000 


LOG IpQO = 3 (FROM TABLE OR 
GAIN =; 20 *3 * . ( 0 OdS 
10 


calculator) 
































VOC.TA.GE 
, OR 

CURRENT. 
RATIO; 


1,0000 

.84.131 

,7443 

.7074 
,C>310 
lSJcZ 3.1... 

.S01Z. 

.44(*7: 

,3548 

.iSlbi 

. .1000 

,03lG 

. .0100 . 

.i.o piii 

.. . OOl0 

.0 003. 

... .0001 
1 . 0130.03 
.000 ol 


* 3141 
j zsll 
.1445 
.158$ 
11154. 

. 100 0. 

,0100. 

.0010 

,0001 

.00001 

10 '° 

4 10- 
L.10_® 

lor* 

lo~ l ° 


70 

SO 

qo 

too 


- <ae>v* EQumLEteds 



&ECEWER SEMSmy.IXT IS OFTEN. t.GlVEW IN 
ciB WiTa-i.aE5PEOT.Lio 1 MILLIWATT. 


i Power c^w) 


10.0 O 0 O 00 

1,0 o o 0 00 

[..1 Oooo o 

,0 l oooo 
.0 041.0 00 
.0001 00 
...oiaoJol o 


MiLUWAtTS 

MILLIWATT 

KMCAOWfVTTG 

M|C&6WA±T& 
MVCROWATT 
WlMO: WATTS 
RA NO W ATTS 


































NUMBER' SYSTEMS 

A NUMBER SYSTEM ; CAN..BE .EAS:£P JDJs). AMY 
MUM&ER Of DIGITS. THE COMMON DECIMAL 
SYSTEM HAS 10 I ^GiTSi tH£ BINARY SYSTE M: 
HAS £ DIGITS ; THE; HEXADECIMAL SYSTEM , 

HAS i(o .DIGITS. I MUMSERSi ARE ; WRITTEN . 

AS- LS;U.C.cE$5lV£ lP0WeRS Of THE BASE Of 
THE NUMBER SYSTEM. THUS: 


...i.; 

Z 0 

. .2 0.0 
H OOP 
H 3 Z 7 

BINARY NUMBERS . 


H 3 2. 7 io 


7 

2 

3 

H 


1 of ■= 

loj . 

10 3 
10 3 = 


7Tl 
2*10 
3MO0 * 

H * i O O O ~ 


IN ELECTRONIC CIRCUITS DECIMAL NUMBERS Af*i 

USUALLY REPRESENTED BY BINARY NUMBERS..! 

BINARY NUMBERS ALSO SERVE AS • CODES THAT 
REPRESENT LETTERS OF THE ALPHABET, . 
VOLTAGES^ COMPUTER instructions^ ETC.; A ; 
BINARY O OR 1 IS A BIT. A PATTERN OF H j 

Bits vs a nibble . A pattern of H Bits is. 
A BYTE or Word . 

BINARY TO DECIMAL PECtMAL TO BINARY ‘ 


1 0011 

^iu° = l 

1—> 1K2 1 = 2 

- • > 0+Z = 0 

1 -> O X 2* = 0 

1 -^ 1 * Z H ■■ 1 G 

1H 


t9-rZ = c ) + l 

. R -r 2 = H + 1 i.L 

H -f 2 = 2 + 0 
2 .-r 2-1 + O • 

1 * 

1 ^ = 10 0 11 

* FINAL . QUOTIENT . 4 
IS FINAL REMAINDER 


BINARY CODED DECIMAL (BCD): A SYSTEM 
IN WHICH EACH DECIMAL DIGIT IS ASSIGNED ; 
its Binary z<sioivALENT(iq - oooi looi). 
12 



























EPpEjEH SYSTEM'B$MSt5KlTS; 

ili£C..yM.6,Ll BIM (6.WARY) 
tgJWARY G0.D£6 DECIMAL) HEX (H£XAO£CWADi 



sec: 

R>IN 

KCDi 

1-EX 


0 

: 0- 

0 0 0 0 

0 0 0 ol. 

1 

. ...Ld... 


1 

1 

. 0 0 O 0 

0 c 0 1L 

.1: 


.2 .. 

10 

o ooo 

001 Ol. 

1 


..,.3-.. 

11 

0 0 0 0 

oolll. 

.| 3. 


HL. 

100 

0 0 0 0 

0 100 1 

Hi. 


S... 

101 

0 0 0 0 

o 1 o l: 

51. 


(oL.. 

11 0 

0 0 0 0 

Olio, 

u . 


7 

111 

0 0 0 0 

o 1 1 t\ 

7L... 

' 

8 

10 00 

0 0 0 0 

1 oo o\ 

s. 



1 0 0 1 

0 Ooo 

1 0 0 1. 



...IQ... 

1 0:1 0 

0 0 Oil 

0 0 00! 

.lAj. 

.. :„.„...j. 

11 

1 01 1 

0 0 0 1 

ooo lL 

.! EL.. 


12 

1 loo 

0 0 01 

0 01 01. 

.:..CL.. 


.13 

11:01 

o 0 ol 

0 0 1 1:. 

.l Di. 


1H 

1 1 1 0 

0 0 0 1 

0 1 o ol. 

...uEi. 


.15 

1 1:1 1 

0 0 0 1 

0 101!. 

.. . 

. i ..... 


. . 1 1 0 0 0 0 

0 0 0 1 

01 1 Ol . 

10. 


17. 

. . . IQOiOl 

0 0 0 1 

Oil u . 

11. 


18. 

1 0 0:1 0 

0 o o 1 

loo oi. 

AM-.. 


11. 

1 0 0:11 

0 0 Q 1 

1 0 oil. 

13. 


?0; 

1.01:00 

0 0 1 0 

ooo ol 

.1*4. 


.21;. 

1 0 101 

o duo 

ooo 11. 

...1.5:. 


22 

10 110 

o olio 

o ol OL 

..IfeL 


23 ... 

10 111 

0 ol 0 

0 Oil; 

17 


4±. 

1 10:00 

o 010 

oio o. 

18 


as... 

1 1 00 1 

00 10 

0 1 OIL 

...Ui.. 


2(o . 

11 oi o 

o 0 1 0 

0 1 1.0; 

1A. 


27. 

i 1 01 1 

o 01,0 

0 1 1 l L. 

. IB. 


2a 

1 1 1:0 0 

o olio 

loo OL . 

lc 


l%... 

1110 1 

0 0.10 

1 00 1. 

.1 D 


30. 

1 1 11 0 

o o 11 

0 0 0:0,. 

1 £ 


.321... 

11111 

o oil 

o oO 1 L. 

If 


32 

1 00 0:00 

0 oil 

0 0 1 0 

20. 


OH 

1 0 00 00 0 

0 110 

0.10 0 

HO 

... • .. 

HO 

1 10 0 0 0 0 

1 00:1 

Olio 

fe.d... 


HH 

110 O.o.l 1. 

1 0.0 1. 

looi 

fe3. 
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3xowfelrsisnrH:iND stamMMs 


nrs:rm measures 

UNE.AR 


ilN) 2> FT =1 YARD (YD) 


IZlHaBE^Ji.fPO^X 

AREA 


1 Foot 2, - 1MH in 
1 YARD* - H FT* ,1 

VOLUME 


Vr.x) 5»Zfco FT * 1 miMIXmAH 


1 ACRE- - FT* 

1 M(l£ t= CoHQ ACRES 


l iocS 3 Ii IN* lYARP 3f = 21 FEET 3 

MASS j-4 

ICb 0UWCE$ (oz) =1 POUMD Ob) 






Metric weights andcbeasure^I 

LINEAR - * 

1,000 M\GEOMETERS C/**0 = 1 MILLIMETER 
10jmm = lCE^Tl METER j(G^O iOo!c^= 1 METER (m) 
lJoGO METERS-L*JliKiLGM£T£R (Km) 


area 

lOO Ki»w 2 = lC^ 1 
VOLUME. 


lO,OOQ Cw\* = 1. •*'»** 


lcvvv 3 ~l MILLILITER C^l) 1,000 ^1 = 1 L\TER (l)i 
MASS.i.i 


i v OOO MJLU (SRAMS l.A3r&*n Cr) 

IH 



































U. S. - METRIC CONVERSTdri' 


TO COM VERT 

.INTO 

MULTIPLY' BY 

MICROMETERS . 

MILS 

3,AS7' > iO' 1 

MlLS „ 

..MICROMETERS ; 

ZS'H 

MILUMET ers 

MILS : 

IH.Z 7 

MILS 

millimeters 

2.S-H * iO r * 

milumeters 

INCHES 

3, A 3 7 *10 

inches 

MILLIMETERS 

2,S*H 

CENTIMETERS 

;imches 

0.3^37 

inches ... 

CENTIMETERS 

2.SH , 

INCH ES ;. 

METERS 

2.5H -X 10 

METERS 

IMCHES 

3RS7 

FEET 

METERS 

zoAe > * 10"* 1 

meters 

FEET 

3. £81 

meters 

YARDS 


yards 

METERS 

QMHH 

Kilometers 

FEET 

3L.S1 ^ 

FEET 

KILOMETERS 

3i.TOE.T io! . 4 

Ricom ETERS 

.MILES 

O.iL.tlh.i. i J. i 

MILES 

RilomEtERS 

I.lor • 

GRAMS 

ounces 

Z.Sil * io'* 

OUNCES 

GR Am s 

z & 3HTS . 

Kilograms 

Pounds 

Z.ZOS 

POUNDS 

Kilograms 

0.TS3C* 


FAMILIAR EXAMPLES 

DIMENSIONS 

:D 1 ME_ 1 Wvv^ % 1 . 8 cm 
NICKEL ^ * 2 . i cvv\ 

Quarter ^ k c.m c *a 

1-MiL PLASTIC FU-H = ISM ^ ^ 

MASS 


PLASTIC Tb-^t TRANSISTOR 0 .ZS a 
B-PIM IMIkjI D\P XC ^ O.S 3 S 

IL-PIN DIP XC. « l.OSq 
NICKEL ^ 5 5 


15 































TEMPS WURE 

0 fAHREMHXrr 31 C°CELSIUS * s ) + 31 - ° F 

° CELSIUS = f* * (° FAHRENHEIT “3Z}=*G' 


L£ A D M&LTS 


water Soils 


°C 

U8 

loo 



operating temperature 

RAM GE• 


commercial; o° to 70. c 
INDUSTRIAL t-6S 0 TOlSO°C 


HUMAN 60 DY C37 0 c;^6.L°F) 

. ; . . 3.0. 

Room, temperature (^°c) to 


WATER FREEZES 


T 

(a HA 

Z It 


R o 

_ 1 R H 

ao .. : 

. 1*?L> 

70 

_ 158 

1*0 

. 0 

so. 

. 111 

HO ; 

_ ion 

30 

. L Q(p 

10 

U 8 

10 

_ . 50 

o 

. : 31 


SOLDER . 

THE MOST COMMON ELECTRON\C, SOLDER. IS 4O/H0 
CCo% TIN and hq% lead), its melting Point IS 
l&S^TO l^o\C. l X3.Ll°TO 37H*f). 











































l;Qi 


£R JLOb.d. PX 


1*568 
2 

H ,0 X u, 
(a, 3 S.S 

110 ills:. 

1 k, 1 H .. 
15 

H 0.8 1 

.fe.H.;.q;c 


1.03 , 3 

IJfB.il. 

2 j*:o,q 


lio;q 5*o 


Mm 6 
b i A. 
OHMS 


“ AMEMCAN W'RE c 
^ DIAMETER . tM M\LS 
.P£ftili>oh XX - 20° c 


PER POUND 


. ...i. 510. s<? 

.i.j.|8loi.aiHi. 

.u.L 2 J .0 iilHLi. 

....iJ.2iZ.ii_j.Hj... I .. 

. 4. is; iB.Ji 

.L... i. 84.1 j.7..|.l?4 ■ 

. 1,2 0 0,0 _4„ 

. 2^0 (p 7 ;0.1. 

3 V Z 87.0 

. 542 : 7,0 

. 8,3 1 0,0 .. 

i?,UQ.O; ; 

21,0 1 0,0. 

2 3 i.H llJOl.QL..|- 


U.8 e fO 


EEC SEISE., RES I STANCES 


\s\lvIr, 


.L. 

IckROlMIUM 

;alum>mum 

Ltungsteni 


iPiOSPMoR-BRONJZE 
jfsHC K£L . 


jX|N.j. 

j STEEL 

iL.EA.D.. 


Mc.Mome , 


‘ 0 . q 3 G 

.. 1.0 0 o 

. 1 , 10.1 

... 1,5 3 O 
LUS 3 q 
t....]3J 2 0 3 
.1.8 2 2 

. :s.s3i 

--15**7 8 G 
. 5.7 q q 

Jtu.l o 3 

-..Bi..q.:3 2 

13 . q,2 z 
:s; 2 , qq 1 
K#'s*o'q z 


RELAX\VlE.l..T0j..L 

cdP^Ek.[.lXOioT{o^ 

C\J*.CiuLAi....iQpPkk... 

VJ\RE ,ll MIL.ljM..L 

DIAMETER HAS; A: 

REiS\|stAM4£.i-qp.4.. 

ALTER SJ AT iy ELY,. 

icdPlEk iwiRijAk. 

A RESISTAMCE.L 

OP fd.3-7 o.WfilsL 

PER |.,dl RCUL ARl.L 

MIL ; FOOT.•. I . j.J. 
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{MiS[a.,i..ERE.(IlUtNlti'tlpFECT'R'UNA .jl 

HEttkti\iAL.ivigiATlON ilR..Js4>UDS., .. FWIPS ..j.L 

kiiici. i=Ases. produces what the brain) ...j h 

PERCEIVES]. AS SOUMD. 



Range of human.hearing 



































SHff N DIITIITEH5IT 'S''‘X^EES." 


SOUND SO 
CdistAmce prom 


THRESHOLD OF. PAIN 


ogsER 


AIRCRAFT ENGINE CZO') 
AMPLIFIED ROCK . MUSIC r 

THUNDER 

PIEZOELECTRIC BUZZER £1Z"). 

AIR FORCE T-38 (Z^Oo'OVERHEAD) 


CO 2 PELLET. Gobi (1Z") .j 

Digital alarm clock a2") 


electric typewrite r as*) 


FORCE T-B8 (1 MILE) 


TYPICAL CONVERSATION 
PAPER Cup DROPPED ON DESK (12") 


TELEPHONE DIAL TONE Cl") 
PENCIL ERASER TAPPED On DESK (12") 


Computer keyboard (18 4 ') 
AVERAGE residence 

SORT B AC KG.RO.UND; MUSIC 


Quiet whisper 



•iz 0 + 

’ l l 0 .. 

110 


i 0 8 


I.;P 0 


, 80 


G5 . 


• H Si 


, 10 


THRES HOLD OP HE AAi N O 








































ececotomagretic 


SPECTRUM 

&£VOND iOpM* 
CO SH\C RAV3 



^th£ eve's 

StNSlTWiTY 
TO VIOLET 
AnD REP 
VARIES WITH 
THE GBSERvSR 

And the . 

SAOCG ROUND 

lLLUM\h)ATlO(si., 

: f a c./> 


f=FREQUENCY; 
Xf. WAVE LENGTH 
C. = 3* 10 s im/Scc 
(see. AJtxr page) 




























mmo EREQiJEROM.XSHHItX0Ilvt 


FREOUE^CY 

..^cl&ssl.eii4 :T i 1 FNi.- 

3-30 tCHiz.iT 

...MrY...; j]ok]...|.i.J.Li... 

FREQUENCIES (VLF) 

30-20 0 KHz 

LO\aj 

.FRelquE .r^qiBSi. ClF) „ 

200-3 000 RHx 

. i-| 

FRE,Q.uahJ.Cl£iS] CMF) 

3-20 MHz 

HIGH ' lIITTT 

FR63 UENCt as CRF) 

: ; ; > ; ; ‘ ; ; S i ; 

3 0- 3 00 NARz 

VERY HIGH [..LI.IJ. 

FREQUENCIES Cvhf^ 

2 O O ” 2 OOO MHZ : . 

ultra HIGH ... 1—| i 

FREQU6NC 1 £js L-iuER). 

1 r S • ! 5 ’ ( 

3-30 GHz 

SUPER HIGH Ll. LLI. 

FREQUENCIES (S H F) 

3 0-200 GHz 

extremeiv LtiiAHli 
. HR&auEMaais; jehfi.. 

2:0 0- 3000 GHz 

MVCROVjAVE 
FREQUENCIES ‘ 

FREQUENCY VS. 

WAVELENGTH • 

C 

x - : 

f=^T 


X - WAv£UNGTB C METERS) 

C“ SPEED OF LIGHT (3*10 8 M£T£RS|/S£i) 
f- FREQUENCY CH£RTZ) 


Example: the wavelength of a 10a mhs. 

SIGNAL IS 3^iO s /1.0ax !O fe OR , 2.?G ‘ " 


:21 





















[MPORtSMT FREQUENCIES (MU*) 

.15 ~.sm: navigation beacons 

,5 : international DISTRESS 

,£M “1-G? ANA BROADCAST BANJO: 

.l.tl*. airport information 

I. 5 -1.0' 1GO METER AMATEUR BAND 

2.3-2,H3&; HO METER INT. BROADCAST 

2.S'» \AJ\AJV TIME SIGNAL 

3.5- M,Of 80 METER i ^MATEUR BAND 

S,0: W\wV TIME SlSNJAL 

5.35- G.2t M3 METER |nT. BROADCAST 
L.2.-C.51S: Maritime communications 

t.o- 7.3 : mo meter amateur . 

7.0- 7*3 * MO METER 1MT. BROADCAST 

9.5- 3Ai 31 METER INT broadcast 
10 .b ■ WWV TIME SIGNAL 

lO.L- 10,15: 30 meter amateur Band 
10.15-11,175: int. Broadcast 

II. 7-11.3 75: IS METER dot. BROADCAST 
1M.0-1MJ5: 20 METER AMATEUR BAWD 

15.0; WWV TIME SIGNAL 


2 o, 0 ‘. 

MiUlV.TIME 

. SIGNAL 


21.0- 21.35 : 

IS METER 

Amateur 

BAND 

21.M5- 21.85 

13 METER 

int. broad 

cast 

29.83“2H.99: 

12 METER 

amateur 

BAND 

2S.L7- 2G.lt 

11 METER 

INT,: BROAE 

>CAST 

20.3 - 27.M: 

CITIZENS 

Band 


2S.0- 29./?: 

10 METER 

AMATEUR 

BAND 

L.m&l-MH: 

Lovu PDvajER 

COM MU MIC 

AT ion S : 

! 50.0- SH.O: 

io meter: 

Amateur e 

&AND . 

SM.O' 88.0; 

TELEVISION 

Cch. l-Co) 


11 . 03-72-9 •• 

R a Dio. co n tro l (Aircraft onlt) 


75.M3 “ 7S.S7; RADIO- CONTROL 
as. 0-108.0: FM BROADCAST BAwD ■ ■ ■ 
S8.o- lOa.o: \nireless: microphones 
loa.o-118.o: Air navigation beacons 

i U&.O- 13L.0: AIRCRAFT 

1S3 - 1SS : Police, FiR£ } municipal 
15 8-159 '• Police, FiRE t municipal 
lLl.M-lWZJSS'.NOAA UuEATHER 
173 -21L' TELEV:\SJON (CH. 7'13> 
M70-fc.R0:. TELEVISION (crt. Ih-83') 

VL . 
























TIME COHSBRSIDislS 


ST I.C' 


UTC 

.PST... 

oo 

o 

0 

H 

PM. 

O' 1 

0 

0 

5 

PM 

01 

0 

.0 

.. i.Ge. 

PM. 

03 

o 

0 

.7 

Pk 

0 H 

0 

0 

18 

PM 

0 5 0 

0 

.9. 

PM 



0 80P 


I 0 0 O 

II 00 


13 0 0 

H oo 

% s o a 

1 (c o o 


1 8 o 
19 o 


1 1 oo 

2 2 0 0 
13 0 0 


11 PM 
M ID N T 


. 1 

. 13 !. 

9 AM 
... 5.am 

. <* AM 

1 AM 
; 8 AM 

.9 am 

lO AM 

10 AM.11 am 

11AM 11; AM 
.. 1 PM 

.1 PM 

J3.I.P M 

iH;PM 


<p PM 
TPM 
8; PM 
9 PM 
0 PM 
1 PM 

mi 

1 AM 


1 PM 
8 PM 

q: pm 
0 PM 
1PM 
MID NT 
i AM 
... 2 AM 
3 AM 
AM 


9 A 

10 A 

11 A 


lLT.C..,r.;..C.O.b..a0ilM/AT£D-..:UisilV.fe..R5.AL TIME 

(.GREENWICH MERIDIAN TIME, LONDON) 

? st - Pacific standard tike. 

M.ST - MOUNTAIN STANDARD TIME 

bsT - central standard time 

Est - EASTERN standard time 

AST - ATLAMT\C STAND ARD TIME. 

DAYLIGHT SAVINGS .:T.lME “ ADp 1 HOUR 


l.HOUR 




















































the srNE~~mm; 


THE ,SWs»E. or SVMuJojM ‘S- THE 

Mo ST PE^QDVl 4WA\)E~~ jiAJL AMALQtfEf 

£t£CTIlOAJ.lkU.4l4ciuisU4P^-^^^'!^^l c 4^^-? L t 
AR£ *1 ANd--illTiH£lsI: !.i. ! ]-. j- J.i-i.L.uJ i...I..i 

’ ‘N6L£(a) lAMPUTL/06 (SMP,) 


0*50.0 



the. Phase , op ^ 
s\ multameoos 

5* WE WAVES 
MAY DIFFER • 


\ f--H 

vH- 


TKVS. 


WAVE LASS x 


THIS WAVE LEADS ZU' 


. PEAK.. . 

i|sJEGAT)v£ 

liMPL'TWC^ 


TIME 


[ <l . r . ... 1 CYCLE - . 1 ' ' * 

FREQUENCY OF A SINE WAVE IS.THE.. a 

NyM&feft OF CYCLE5J.Pfelt fefecoNO. HERTZ xCHzu 
IS THE.. UNiT 6F; FRfe&U E M C YL. i~d jnUU HERTZ.-1 


(J Hz) IS 


.OME XYCiLE^.PER SECOW 


PER^OQ. i .QFJ AaSjME. W Avfe lS THEi T1M£ FOR. 
OWE COMPLETE ! CYCLE. TO OCCUR* . . 

2H J.I = ■ - 






























TR.1 A&&L£J U/AV£. 


WAUEL 




























1.singIe Pulses or trails of pervodic 

■.Pulses ar^xPRocessedl-And generated 

i.i.iBY. .bllGimL.L.ELE.CXRo^l4...iClR.CLlCTS.i.THEY 

ARE ALSO USED.. TO.. TRIGGER.(ACTU/AtE) 

MANY KINDS OF.CIRCUITS. 




lit: .A REAL PULSE 



Ringing (.caused 



PULSE 


IT R AIM 



THE NOM&ER OF 

Pulses per second 
is the pulse 
repetition, rate,., 










































SIGNALS 

Electron c signals• Ramge prom. audible 

TOMES ; TO; .COMPLEX (NrORM ATVON CARRIED 

sv a RloctwatimG; Catalog) or Puls at img 

CDIGITAL) U/AUE a .duiRRfLMT.J-dR: voltage . 

MANY modulation methods are used to 
IMPRESS A SIGNAL ON A CARRIER. 


MODULATION METHODS 
MTALOG : PULSE 


UNMODULATED 
CARRAER WAVE 

IWlRilflTU 

■ 

Analog, 

signal 

ANALOG 

SIGNAL 

/V 


PULSE 

ANVP^'TUOR 

Amplitude .. 

^fjlnf 


Pulse 

modulation . 


duration! 

Frequency 

MODULATION : 

ingiu 

i 

PULSE 

FREQUENCY 



DIGITAL 


Binary Bit pattern 

non-return to ZERO 

LnRz'V 

Return to ZEROi 
CRZ) 


MAM CHESTER 


FREQUENCY SPURT 
KEY IMS CFSVO 


iiioiiioiiiiioioi 

t I 

!••• , 



u 

n l 


'n 

n t- 


1 

4- 

.jt 

l; 

Jn 

nln 

n l 

1 

» 


1 

* 

11 

\ 

1 



i 

» 

4 

1 




i 

i y 

1 


1 

I 

% 


1 

tl 



iL 

UJ 

IMU 

u_l 

Lu 

LL- 

UJ 

Lu 


L 






































M. CODES AMD SYMBOLS 


ALPHABET, A SC I \ t MORSE CODE 


ALPHABET 


ASCII; 


IAORSE .CODE 




























V 

ASCI l 



information INTERCHANGE. ASCII IS the 
PRINCIPLE COMPUTER KEYBOARD CODE;. L 

ASSEMBLY LANGUAGE PROGRAMMERS pONyE&t 
BINARY ASCII (ABOVE) to HEXADECIMAL. ; 
PRINCIPLE HEX EQUIVALENTS: 


A' 

ML. 

G- 

Hi 

.M- 

H D 

s- 

S3- 

Y- 

59 

,H - 

39 

B- 

HZ 

H- 

98 

N“ 

H E 

T- 

54 

z- 

SA 

5' 

25 

c- 

H3 

- 

H9 

O' 

4 F 

O' 

ss 


30 

L r 

2<« 

D- 

HH 

I- 

H A 

P- 

SO 

V“ 

S G. 

1- 

31 

7- 

27 

e- 

HS 

K- 

H Si... 


Si 

\M- 

5 7 

z- 

It 

8- 

3S 

p- 

H L 

u- 

H CL 

( R- 

sa 

x- 

58 

3' 

33 

V 

29. 


29 


























'GsKEEK'-TSLPH A“B“E T 


M A ME. 

. u 

U 


MAM.E ! 

u 

L 

.kl_PHA 

A 

' OL 


NU 

N 

y 

BETA 

E> 

-ifi;. 


XI 

s 

\ 

GAMM.A 

r 

y 


ONMCROM 

0 

0 

DELTA 

A 

6 


PI 

n 

Tr 

EPSILON ... 

E 

€ 


.. RH0 

p 

P 

2ETA L. 

2 

£ 


SIGMA s 

s 

a 

ETA 

H 

V 


TAO 

T 


theta 

© 

& 


UPSILGN 

Y 

TJ 

1 OTA 


t 


. PHI 

4> 

4> 

KAPPA 


:k ' 


CHI 

X 

% 

.Lambda 

A 

X 


PSl 

K9i 

V 

mu 

NV 

h 


OMEGA 

HI 

U) 


U ~ UPPER. CASE 


L“ LOWER CASE 


COiMM’C 

)N GREEK SYMBOLS 


: SYMBOLIZES OR DESIGNATES 

a 

ANGLES,, A C CEL £ RATI0M:, ARE A 

3 

angles, 

: y 

CONDUCTIVITY, SPECIFIC GRAVITY 

increment, decrement 

l jA 


Dielectric constant 

E.;.. :. 

.ENERGY . 

2 

IMPEDANCE 

*) 

PM MODULATION INDEX 

B 

AM G LES., .‘TIME C ON STANT, TE M P E ratu re 
VU A VEIL £ NOTH t . C ON DU Ct IV ITY 

.X 


M1CRO C PREF/X), AMPLIPICATION FACTOR 

V 

FREQUENCY 

TT 

CIRCUMFERENCE* DIAMETER (S l t fiS £ ?.,.') 

, P 

resistivity , reflectance 

5. 

SUMMATION . SIGN 

T 

time constant, TRANSMITTANCE 

.■ ;4> ; 

angle, radiant power 

. GO 

Angle* .angular frequency. 

J1 

SOLID AMGtE , . resistance (ohms) 


so 











































T 


RESTS 3 OT 









SIGNIFICANT 

! : i ; | ) ; ; ; 

; ; i 


COLOR 

DIGITS jClitl) 


tpE®.. 

..... 

BLACK 

TlM... L.i... 

■; '.;t.f:!:t:iri: 

.f 


BROWN 

1 

.!._i.i.. 4.1.10.1. 

.LlM. 


R-Ed 

L 

IdOj.OL. 

L._„ ,,. 


OS.MSE 

3 

1 ,0j0jO.L. 

.;_4_i_ 

. ..4 

YELLOW 

H 

i o t o;o 0:. 

NO . 

,1 

CREEN 

5 

1 0 0,0 0 0 

COLOR 


.AluE .... 
Vf.QLET 

L 

7 

i 1*0.QQ t O 0 0 

Ji Q .0 :0 0^0 O Q. 

.band: 

±2.0%. 


GRAY 

B 

1 00,00 0,0 0 0 

..... j._c __l... 


WwLtL 

i 9 ■■ 

*“ ! ; • • 



\3.0LU 

SILVER 

— 

, 1 i 1 M 


1 


Example: 






1 i 5 h! 


i—r 


u 


jli-i&RQWN * i 
Z~ &LACK ” 0 
3 = Y6.LLQW * * 10,000 
.9. 2 SILVER = ± 10 % TOLERANCE 


BWt 


CRN 


106,odo ; J1 
± 10 % 


XRAMSHDfeMER COLOR CODE 

MJDtQ IMTERSTA6E arid Output : 

CRN 


8LOE 



SLUG 





:POW£R :i U^!T^PP£l> PRlKARY - BLACK ; FILA M£NT 
SECONDARY ..dAftCiTlpMAL ,FILAh£n)T -■ ( 

! YElLqvj BROWN AMO SLATG .)\ j-i \&H 'VOLf A&4L4 ! 


S ECO ND ARY “ RED . C olqRs 


may VARY. 


KjOtE : TttESE ARE £\A .RECOMMENCED COL0ASJ SEE 
.TRANSFORMER SPECIFICATIONS TO VERtFYi Co&£. i 

SI 





























• ( ~~t 




ACJrjAixERR^. h4 .i.L 

Af=.- AU DiOJ.FREQUENCY...!.;..J.L_j.44- 

AFC.[-jAUipjMx^ 

.A.jst4x|A.ki &mMicidPd&i .Joiwti^tS..4-4™ r 

JANALAMPLITuM. 

.jAM^.IrlAM.fl.LiFicll-.i.!.S~"Li 4~-Ll4-i4..I- 

SAiiT.b>A.A|x4c.4.,,^Dis|£..i^,4»,t4utE4R i _ ]_ 4 

Ak.t..j“AHvxbHMAi....i.I.i.Li.L.44-44. ...Lx 

A VC - a4tdm4ilcJ volume; control: 4 

AvOG -AfkERj.cjANJ aaJ iJiei......IGAUGE44.4.I 

..,B.“.EA^^L4F{.XRA4s.tSXQRi.L4-X.J.j_U-4-- 

JEC.jxi.EROAtk.Ast.i.x.j i.L.J.;. 1 . 1 .!. 

SFO . -BEAT EREoUEhtY OS}.cMAtdRi...L 

it.J-.SAMC>.PASS.j.i.Li L i.1..44.J.L. 

C "COLLECTOR.D.a..iRAMSIS'tlO.K....Li.1.4 

4 C.AU - CALIBRATE X Li..L 

|CAF “ CA PACITQR 4...L4.4- 

CB ~ CITIZENS BAND .... LlJ.i 

XId - CIRCUlT.L i. i-i~ 

CLK X CLOCK .i. _ , . LJ.1. 

jxRx - c athode : rat tube i.j .u 

c/s - cycles.per second, Cherxz 

CT “ CENTER ±AP. 

CW “ CONTINUOUS WAVE 

cy.-cycle .L_.„ 

C - DEGREES.CELSIUS 

D “ DRAIN.OF FET 

4&-.X. DECIBEL :...X 
.DBlfe-iDbUBLEAl. . 

DC.h DIRECT ; CuRBENT 

DEG ~ DEGREES 

DEmIOD.J - DEmoDU LATION . 

DF-: DIRECTION FUWbER ! L j 


; h z) 


44.DRDT “ DOUBLE POLE.DOUBLE TFROVJ 

i. DPST " DokBLE..PotE^.SliiELEJX^.RQW 

. i .dsb - douele sloebaisir .i.].;. 

E " EMITTER OF xjR ANtS\£TOjR i*. ALLERGY 

EMj“ ELECtROjMAG NETXL.4-1-4..i.J— 

..EMH - ELECTROMOTIVE. LFbRC£i..4 - 

L i.EMP - . ELECTRoMAGMETJC PULSE 

j. J.Ife.P " £FFEOTWEL RADIAXED POWER 

j-j. H~\ 5.j.f.-t.[i"f ! j.j.j. 




















F -FREiQ.kJ.eMCV : i i..J I L 44.44 ! L... 

°F - DEGREES FAHRENHEIT i.J I...L.4..J i 1 Li- 

FDBK i- FEEDBACK. .;.L j.L L.L.i.4.L.j.j.l.j LL 

FET FIELD JEtFECT TRANSISTOR 

FF - FLIP FLOP . 

FiL - FILAMENT . 

EM. - FREQUENCY.; MODULATION) 

FREQ - FR.£Qiu£M.cL 

ESC-.. FULL-SCALE: ...,.„.i.,.. . ......... 

FWHM - FuLLi. iyim.Tl4 HALElmMIMUmI 4.4-4. 

G - GATE OF FET 44L.... 

GA ~ GAUGE , . U...L. 

GMD “GROUND , .i.J.I. 

HF - HIGH FREQUENCY .Li. 1 ..L 

HI FI - HIGH FIDELITY . .!...].. 

HV - HIGH VOLTAGE...,..... .i.U...L. 

. HZ - HERTZ ' .4... ■. i . i . I . 

1.. L 1 -CURRENT 

Li.1C - integrated circuit 

LI. ilMPD - IMPEDANCE 

L...I....IR ~ INFRARED ...Li.; :.j.i.Li.. 

1 ...i.ilFET - Junction) FIELD EFFECTI.TiRAM jS!S tcjRi..L.. 

Li.KJA/H - KILPlivATT ; HOUR .LL.i. i i i... 4 L.L .4 . 

j.i .LED -LIGHT EMITTING DIODE.i I.LL 

+..j. LP. .-.lLd.!n..l.rass l.j.L...I.J. 1.U.L.L. 

4.. L J_S .1 i...b IL Afi. 66 SCALE INTEGRATION L J.].J.i 

> i kAJ-iMILLilAMPEREiS . J. i . . ; j j. j i 

MIC . - MICRO PRO.ME:.. : .Li i i 44 .L 

MOS ~ METAL- OXI.C£.-5EM|ICONJpUCfOR i.L.|.L j... 

NAGS FET - MOS . F).£LD4.EEF.ecTt.TRiAN!SI.STOR.j..i. 

NC - NO CONTACT LI¬ 
NES - NEGATvE 1.L 

NF - NOISE FI.GO RE . I.L, 

NO - normally OPEN) .... '...;. 1 . 

Nqm - nominal Li .L.J..J.i.}.1.L... 

N.P.M - negative^- Positive - NEGAtiiei.j.L. 4 .J.... 4 . 

CP AMP..-.iOP.ERATIDMAL ... AMPLIFIER.j.I .4 .j.J. 4.4 . 

CSC.- OSCILLATOR 4.1. 1 .1. 444 .{L.L.Li. 

OUT ~ OUTPUT LJ.4444LL.444...L 

PAM - PULSE AMPLITUDE Md.0.GLiA±l6.NLLLL44... 

PC - PRINTED Circuit j. 4 .!. 44 .;. 14 .|.li. 4 . 

PCM - PULSE CODE...: M®RiU.LAliQMJ.i.J...Li.].!....;. 

PDM -PULSE DURATION Mfe.ftuLAT4Q.NjL. i.l_U . 

; ■■ I : ; ; M ' 1 1 [ r I 

































PF “Picofarad; 

PFM “PULSE FREQUENCY • MODu.LATI.OM 
.P< - PEAR 

PUL - PHASE locked loop 

PMP - Positive-negative-Positive 

Ros - posuave . . .. ..... 

POT - potentiometer 
PREAMP "“ PREAMPLIFIER 

prl -primary;. 

PRV -PEAK.: REVERSE VOLTAGE 
PVC “ POLVVINYL CHLORIDE 
PViR — Power 

PwR sup - Power . SU.P.PLY .. . 

Pz - PIEZOELECTRIC 
a - Quality factor 
qtz - Quartz. . 

R ' RESISTANCE 
RAD “ RADIAN 

RC - resistance-CAPACITANCE 

RCDR “RECORDER. . 

RCv - Receive 

RCVR “ RECEIVER 
RECHRG “ RECHARGE : 

RECT “ RECTIFIER 
REF -REFERENCE, 

RF - RADIO FREQUENCY 

RFC “RADIO FREQUENCY CBOK£ . 

RFI - RADIO FREQUENCY INTERFERENCE 
RL - RESISTANCE- INDUCTANCE 

RLC -Resistance-inductance-capacitance 
RLY - relay: .: 

RMS “ Root MEAN SQUARE 
RMT - Remote 

ROT - rotate . 

RPM “ REVOLUTIONS PER. MINUTE- 
RPS -REVOLUTIONS PER second 
RTTY “RADIO TELETYPEWRITER 
RY - Relay 
S - SOURCE of FET 

:ss — sideband 

SCR “ SILICON CONTROLLED; RECTIFIER 

SEC “ SECONDARY 

SERVO “ SERVOMECHANISM 
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.|£toTi..irl£ihi. 6 lLjL 44 oiELl^.L| 

^MRL4“L^ei/siKt.R t .4^1.1.U.I.I.i.Li..i.1 
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*SJ.Js4<Si^£i }SLi|D.p.Ei.ft4%l.f^-..J. l L i I ! i I l l—i—1 
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4-4.l—f 






iSysiMmi.u re .i.■.j.. 

iskiL. ... .LLj.i 

kkU...b|ai\|oteyJA.kt... usTAkLd J.. 4 . 4-4 
]s^R..H.slxAtsii)ifsile wave Ratio i 

iSx^JriSb.M^oxj l 

TIME ;.U-.J- . . . . L 

TACH.TACHlb MExER .1.},„L I 

,j£ii. JrlxEiri-PBdME , , 444.. J 

^r.EJUEicjis^_P- uj/sii < 4 A 7 :.i.p-N.s.;.I 

TEMP.„i~“i.T;£MPaRATU RE _.j ...i...|.....j..- 4.4 .L..I 

.|aRM4^.4"iT4aR44^^'d'4.. L~~!. 44 . 4 -M. \ ..4.4. 

..ir.RifxxLT|.uJw4c|, _ 4 a 4 f 4 ..i. 

.Xi |rx 4 -XiE. JLo. | L 4^£| i I 1—. | i 1 

jj HE iXlUiLTR A. 4 H.ICH p-RE0_y.El.KiCK....; ; I L J. L,„_; 4 . i i 




TRANSISTOR. 4 .1. 

Ui4\4E-RS ALJ-TAMt 




a.st.[L£4Tp.R 


1 - < 




LIT ^riUiMiTUJkcjxj.OjMA 

;UTC r,Co 6 R 0 VMATED 

iVirLVtoUiiafeJ. 

yAd^tiviAjiiaM; Ac voctage 

VC : .bivbicteJ~bo.iL .1.4.Li. 4 

VCQ.biVoLrAdt.i...Cok.tRC)lL£D 

VP .irivA-i liA&iiELfegEMEkbx 

k.MA.4Tiy£^Y.lA\dH4..AREdUEkC v / i .u4..Li.I 

jVl XI.. bi j/j o.E-Q... 4-4.L4~Li4.1. 1 .L..L.4. L.Li 

V L E.r -4 veRx.low F StiEkOl.Li.!.f - J 

V 0 L-JT.iviatiuk.t- J.i.1.4...i,4 J.i.1.4.1 

V0ivA...;r.ivo4T±...aHM. jsA.eixefii-.i- J.L.{.L..4J. 1 

.L Li.U4.L.44 

. vox ...it. LvoACE.—o Per axed.traw$m;vtt rr 

,.iSA/_ VJ ATT j L i l j....J i i. ■ ■■ r. i — l J. |. 

.. .NA4i;iisAi.„iT :-1 Li.i.Li 

V/v.xiWoARik.^..,.via.i4Als£.4 I.Li..j.4 

...|.X.x^aA.qxAisJCE...4....Li- i.44.!. uj.Lbi 

.iXkt4'-44.LRAkSMlxLE|R.4..4. [ . 1 |. \. . 1 .1.4 

.. |S.; — .4 tsA REPA.HCE ...._ r _i_[_ 1 _l_4-_j- *_l._i_.1_J. 
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b. BASIC'ELECTRONIC 1 CIRCUITS 



Dt Must ee rated . for the input vqltase. 


F ULE-WAVBJRECT f'Fl'ER 



01“ DH MUST 6&C.R&TED. : FOR THE. I MPuT VOCt A<5£. , 
USE INDIVIDUAL DIODES OR RECTIFIER MODULE, 


VOLTAGE EDUBLER 


IM CViO 



Caution ; .. 

Cl and ce can hold, 

CHAISE WTHovT V\m. 


;C1,CE-0.1^F TO 
lOO^F 

DH . 

w.. ,m„ i„>, 4- 


D % Cl 

.:... , OUT- 

+ 2 -Vin 

Cl 


Dl-DH, Cl AMD ct MUST BE RATED FOR AT 
LEAST TWICE THE INPUT VOLTAGE. , 

3Cp 


































BASIC LED DRIVER 


+v 


R 


LED 


IM 


Rs = 


Vim “ Vl 6 i> 


Xled 

Vim- \nPUT . VOLTAGE 


* 


Xl£o & LED FORWARD CURRENT 
CpESIREO OR SPECIFIED). 4 

Vl£o~ LED VOLTAGE DROP 


Example ;. Assume .v,Ni.= 9 vqcts and Vl£&a1.7 
VOLTS, CALCULATE VALUE OF Rs FOR Ic£o= 20 *1 A. 

9 -i.7 

Rs * -~ 3c?s ohks Cok; to u$e closest 

.oz standard value) 


LOGIC GATE LED DRIVERS 

LED 


IN 






R s +SV 
2ZO_Q_ 
-AAA_ 


I 


Quit 

LED 

LQ 

.Hi . 

ON 

OFF 


note: ci 

DIRECTlT 

^ 6S Vu lLL 
DRIVE 

super sr 

IF It£& 1 

GWT leps 

S ; REPT 

SELQVV f 

V. FEW . 

MlLLlAMPERES. 


+ SV 

A 


Rs 

ai R, zzojl 

ZNIZZZ 


IN 



i j AM 
out Rl 
:. 10K 


THIS CIRCUIT will;. 
DRIVE LED 4vWEN 
.SUPPLY VOLTAGE TO 
LOGICiGATEi AlsJD Ql- 

led Are different. 



OUT 

LED 

. LO. 

Hr 

OFF 

6N 


LED 


5Z ■ Xleo^ISwiA 


37 






























IMVEITPINGI 1F1ER 


0< TO USE. : . 
AMT OP AMP 
IN THIS BASIC 

Circuit..Pin 

MUM. 8 E.RS MAY 
VARY. (SEE 
DATA SHEET) 


v=*3 to ± 15 v 


GAIN S -(R2/ R l) 



RS -V 


■r . f?5 = (Rl*RZ>/(Ri + KZ) 


EXAMPLE ! IF Ri« T,700 OHMS AnD RZ~^7 t ooO 
OHMS, THEM GAIN IS - (Hl t 000/%700) OR "10. 
RS a ^Z75 OHMS (USE CLOSEST STANDARD VALUE). 


WON-INVERTING AMPLIFIER 


OK TO USE ;..J 
ANY OP AMP, 
(see above.) 

mote: Some.; 
op;amps require 

COMPENSATION 
CAPACITOR. ■ 


“TX 


v= ±3 TO ± 1SV 
GAIN! = 1+ (R2/R1) 


E XAMPLE '• IF Rl=-H,-)0O OHMS AMD RR= z n t 000 
OHMSl THEM GA1M.IS 1 + CH7, OOO / ,700) OR 

11 .. . 

























V 01 ITSG E -TO -C U R RE NT T 0 N 2 E 3 iTlEfe 


r r'T \ 




-S-+M? 








LOAD 




VouT T [v,m(R1 + RZ)]/R2 
Iaut * Vout/ (fiUHr.feZV 


A out t- 


XouT — Vi 






EXAMPLE - ASSUME Rl IS A RESISTOR- Awb.iLanLwATk..^ 

COMBiKiEO RESi^TAMtE. OP l.OOojoiMS ;AkD ..-.&2Lisi.„ 

U.1Q,. OHM.S. UUHElsL LU.iw = S VOLTS, C U R R£ NT XToutX 

THRO-UpH LED IS lO.LMA. .. . *.J.I. 


CURREraO-SBmGElIICOMXIEttER 



Example ; assume a solar cell.lon^ecItEdi to iu>, 

bEUVERS ,CUM4t SIT Of 1 HA. IP Rl IS 1,000 

OHMS y T?H£m J/owt a -(Uooa A O,OOlX = i ~-i VOLT. 





































































TIMER 


+ S T 0 + 1 SV.reset ; , pim s 

4 ;_a /Isuir&a. i+\/) 

J__ / Fop. AMD 

~|8 . .iM . LOUj^iFOR^tSI 


PULSE, 
i si Put 


L5SS 


CL 1 


CL _[5 “l ; 

•oi^fT i. : . 


PULSE GENERATOR 


+S TO + 1SV 


555 




PULSE OUT 

t* Ri> CL 



I II 

K* tl l 

I ; 12 . ^ 
i il 



Cl 1 


CMARSfc OM Cl 

ti = ..tiv&L* rz)*ci 

tz * .tniRiz x a 


PR£QuEkiCY= I j.-'W r I 
. (Ri+liJUiEM 


















































V 


4-[. 

- —j., —i - ■■■■■ 

;--S- 

. —— 

i. — 4— 


:■■■■ j--4 4—4-- 

4-i. 4 . \ 

.I — -j~4—- 

i 


--•r.j -4-4- 

j 

—-! -!. 

i-.i- 

rv r i \ 

■ r<rv\ ~ri —. v \' wrrv t- -- 

4-F.4-4 

—j-;- 

I.F- 



^ OUT 


A 

J- 

OUT . 

L 

L 

A 

L 

A 

L 

A 

L- 

L . 

A 

A 

.... 1.HL. 


BUFFER a-SraitBUFFER) 

C-C=C0mTR0L 

.. : . 1 .NJ ■ 

K_ 



OUT 


X s DOW T CAfcR 


CO 

A 

Ou T 

(O 

L 

L 

<o 

H 

K 

iHX 

(X) 

(Hl-Z) 


1 KIVEiRTER T3-SWEOm/ERTER) 


c=. CONTROL 



CO A 


;> OUT 
X * 0ONT CARE 


IL 
CO H 
CH) 


(XKH» 


H 

L: 

- 2 ) 


3-STATE BPS 












































RS FLIP-FLOP (LATCH) 



JK FLIP-FLOP 














FLOPS. 


(TOGGLE) 


OoTPju.lt.US ILL 


EVEPt.L0.TR6.R-i IMPoT ..LPulSE 


INPuTtI 


jOAAi ilS.l..ofe.i,T..tUPhPLOPS 

MAKEi .BlMAfcY LeoUMT.6RS- 
(FAC 1M 6 PA<SE) FUMCT10MS 

;wr£m both Me! .x amd x 

M6 A Amo .[.i;m Put j.Pu ls is 

CLOCK.LKtPLTL 1 OTHER tJ pL 


CLOCK 


CCOCKl 


EUPtELOP 


CLOCKED 


FLOP 




1 




1**1 

P ' 

i 

r. ~t 

! I 

1 

L. 


L— — 

L 1 

i 


j,.^ 



1. 

i 

L'r 

jr” 

\ .*f 

i | 

s 



l 

t \ 

\ t 

jT : 

L. 

i.1 

u.j 

i. 

[.1 

{ : 

...j,.j 


L.J 

_ 

f.T 

*.L 



; 


i.r 

j:.|. 

M 

E. 

: 

\ . 




4-4 

M 


?.. i“ 






> 

























i 3 


i j 
> 

If 

? 

SR 

s *""1 



£ 

\ 

....j 

Tf 

w 

L 



T 

i 

H 

i 


j.i 


: 

i 




{, 

11 

□ 

H 


i 1 

1 j 




i 


u 


‘ 

!...„. 

JT., 




tD.I... \ 1 


If 


• Flop 


4 FLO Pi 


*K 

El 

W 



id 

D.J 

me 

I 


J... ! 




; t 

ib 


.; 

.... »| 


i" | 

L.i 

IB 

-V 

i i 

h-. i 


;.1 























MLiLTlPi^-CEJIL.: 






xqxk(4 . yocxjA CE 

iSiU-i.la$.4-.£i&W... 

CELL VOLTAGE. 


PP&ALL&L 


lrixMi.4uM£.ik4. 


capa<4xxui eumCoe 


£Acyj^iy<:APRqi¥ 


CELLS, .S WOULD. 




USE. i TO ,POwER 


QP6.RATIQM AC 


dAki-SEiusED;. Amo 


PRJ tec i PlE. i Xfy RES I 


MAWY; T 1 HS 6 .S 


P-£CHAK 6 £D 




LEAD 


GoQ.0 AT tow Jxfi M£BfcATU.RiE 4 


cm rremt. Lc a mc.p.% 


|sJ\:CK-tt---CAOMAiiM : .CwiCAD) 

CAM.i£L.itiRfci. FOR.Ext 

DlS-d AARGEDi^iMAWVi, D1 PFE1 
JVERY.ECONOMIC Atl- POWER 


1.2 ..VOLTS. 1 P£ R CEtt 


TIME.WH£Al 


j I 

-_£— 


__L- 

1 R 

f I 

1 | 

1 


“'T 

l\\ 

r c 

i * 


1 1 


f 1 


JjJ 

" 4 " 

w... A,— 

4.1 

-T 

t t 

i 

*121 




j .—i 

- 4 - 

_u 

1 

\ « 
| +; 

lul 

1 

ft 

1 ] 

E>1 

| 



1 i . 

\ 

1 


j 




H 







i 

j j 



-j 



n 

1 r±“; 

1 

i 

1 ; 


"; 

3E 

LI 


















PRIMARY 


PltviiAARY 


1 LS volts 


^lHA.UihJ E...MliS|..\ 404 xS PER. £&lL 

&\&M .LCURREMT.LOADS .(.MOTORS., 


silver.oxidE —L 

UfOl PoRM A/OLTAGE 


liSi VOLTS 

... durimo. 


.PE R.{CELU...M.. RR.LV 

D;\SCH ARGE.J.i.i.I. 


M \m .EKj ERGY 


BATTERY PRECAUTIONS 


WOT | CHARGE PRIMARY. CELLS 


TER l ES MAY.EX PL ODE 


when) 


3 - DO MOT SOLDER 
|. A BATTERY: CLIP 


OR HOLDER 


A NEVER SHORT 


CIRCUIT A; BATTER YS TERMlMALS 





































transformer 


(CiiRRtNJtr :RATfh)<S 




MO ST4 EXCEED 


C-3.TO.iSU/B: 


MAXIMUM 


MAY 


COLONS 


vAPiY 


SOME. 


trams Formers 




R£CTUrL$K. 


HAVE ISOLDE* 


L.USS.„UMSt£AR 


gpctzPAmZ- 


afL..JwutR£...ieAris. 


]^i.$££akdAftYL 

kdLiAisi.Mil 


1,000/xF 


{FRONT;) 


Taos: 


1 8. XX 


attack 


HEAT SlKlK 


TO.METAL 



'] 














z_ 








_.jc 



M 
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r i H 
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~T~ 
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”1 










~ 




| 




.: J 
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MM 





; 

1 






i 1 



1 





Vi 

Txrnsi 

E 



L) 

s 

JP 

Pi 

.Y 




| 






. 




1 I 
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_c< _ 





CAUTION 

; 

ALL CONNECTIONS* 



.j 




== 




sk 





rn An 

LjCAftfcitL 

INE CURRENT 



. | 





— 


M._.Li 






MUST S6 

.. 

nSulateo;c 

R 






j 

CO 

A 

OUSEHOLD 

. UNE 



.... 

ENCLOSED' 

-tus 

CO 

N/UEC 1 

-•-4..••■! 



.....J 







. M. 

i 





POWER \ 

UHEM 

SERVi ClN) 6.1. 


. 








4_!_1 













i i 

. 



1 





\ I 




.—i 



L 


. 1 



t 

| 







FI 


Fuse, L J 






HI 

m 

RL 





j ] 








f 

=; eLect 






Hi 

in 





\ j 








TO M ATO 





Hfi 

liu 













huRRelNi 





. u 

L.UL. 













. RAtIvisjg 






A 

SI 













. OP 

w iiLp 








SPST 

>0 

w 

Eft S 

W\TC| 










—i 

— 

-B 

LT 















PRIMARY . 1. 







-in 

• 

POVJEI 

P j . 

..s.i 



































RESISTOR COLOR CODE 



i \f \ 


BLACK 

O 

0 

* 

1 

BROWN 

1 

1 

* 

10 

RED 

2. 

2 

* 

100 

ORANGE 

3 

3 


1,000 

YELLOW 

H 

H 

a 

10,000 

GREEN 

5 

5 

* 

100,000 

BLUE 

4? 

(e 

* 

1,000,000 

VIOLET 

7 

1 

a 

10,000,000 

GRAY 

s 

B 

x 

100,000,000 

WHITE 

9 

9 



POuRTP SAND INDICATES tolerance (a ccuRAcy): 

G0Lt>*±5% SILVERS 110% MOfO£=*20 X 


OHM'S LAW; v*ir r*v/x 

I*V/R P= Vi = I*R 


ABBREVIATIONS 


A = AMPERE 
F * FARAD 
I - CURRENT 
P ■ Power 


R ' RESISTANCE 
V (oft £) * VOLT 
w* watt 
SI = opm 


K (MEG-) 

< (kilo-) 
m CMILU-) 
/< C MICRO-) 

A ( NANO-) 

p CP'co-) 


* 1, ooo, ooo 

* 1,000 

, OOl 

. OOO OOl 
. ooo OOO OOl 
. OOO OOO OOO OOl 
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